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Four genotypes of cowpea Vigna unguiculata, (VBN-1, VBN-2, Co-6 and Co(cp)-7) were studied for efficient regeneration. The seeds were
pretreated with 13.3 µM BAP for 3 days and cultured on MSB5 medium supplemented with 6.6 µM BAP for 2 to 3 weeks for multiple bud
induction. Multiple shoot buds were transferred to medium amended with 0.5 µM BAP for shoot elongation. Elongated shoots were rooted on
growth regulator-free MSB5 medium. The plantlets were transferred to soil after 12 days and 90–95% of the plantlets survived. In this study
V. unguiculata Co(cp)-7 produced very high number of shoots and this rapid and highly efficient protocol can be used for regeneration of this
recalcitrant genotype.
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Cowpea (Vigna unguiculata (L.) Walp) is an important food
legume and a good source of protein. It is widely cultivated in
the tropics and subtropics and temperate zones of the world. It
occupies an area of 12.5 million ha in the world (FAO, 2001)
with a total production of more than 3.3 million tons of dry
grains. The average yield of cowpea is very low, due to
numerous biotic and abiotic stresses. Sources of resistance to
some of the biotic problems can be found in cowpea germplasm.
However, cultivated cowpeas are highly susceptible to insect
pests and diseases which can cause substantial grain yield losses
(Sahoo et al., 2001).
Genetic improvement is useful for the development of
cowpea with increased quality and yield (Popelka et al., 2004).
However, routine genetic transformation protocols are limited
in most of the tropical grain legumes, due to their inability to
regenerate under tissue culture conditions (Somers et al., 2003).
Generally, the Leguminosae is a highly recalcitrant family due⁎ Corresponding author. Tel.: +91 44 28174644; fax: +91 44 8174644.
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doi:10.1016/j.sajb.2008.05.009to high level of phenolics leading to oxidation of explants
(Anthony et al., 1999).
Due to its recalcitrant nature, numerous protocols have been
standardized for in vitro regeneration in cowpea using various
explants (Kartha et al., 1981; Kulothungan et al., 1995; Amitha
and Reddy, 1996; Pellegrineschi et al., 1997; Nagl et al., 1997;
Brar et al., 1999; Obembe et al., 2000; Le et al., 2002; Mao et al.,
2006). Muthukumar et al. (1995) reported somatic shoot
regeneration from leaflet callus and Ramakrishnan et al. (2005)
reported plantlet regeneration through somatic embryogenesis.
However, none of these reports described an efficient protocol for
in vitro regeneration in cowpea because of the difficulty in
reproducibility and very low regeneration frequency (Prem
Anand et al., 2000). In this paper, we describe a rapid and
efficient regeneration system of organogenesis in cowpea.
2. Materials and methods
2.1. Plant material and explant source
Mature seeds of V. unguiculata were obtained from the Tamil
Nadu Agricultural University, Coimbatore, India. The healthy
seeds were rinsedwith Tween20® (Himedia, India) for 5min. Thets reserved.
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followed by a wash with freshly prepared aqueous solution of
0.1% (w/v) HgCl2 for 5 min, and finally rinsed five times with
sterile distilled water. The surface-disinfected seeds were soaked
in sterile water and kept in the dark for 16 h in a culture flask.
2.2. Culture media and conditions
MS medium (Murashige and Skoog, 1962) with B5
(Gamborg et al., 1968) vitamins (MSB5) containing 3% (w/v)
sucrose and 0.7% agar was used in all the experiments. Plant
growth regulators at different concentrations were incorporated
into the basal media (Fig. 1). The pH of the medium was
adjusted to 5.8 by 1 M NaOH or 1 M HCl before autoclaving at
1.06 kg cm−2 (121 °C) for 15 min. The cultures were incubated
at 25±2 °C in a culture room with 50 µmol m− 2 s−1 irradiance
provided by cool fluorescent lamps and were exposed to a
photoperiod of 16 h and 55% relative humidity (RH).
2.3. Seeds without pretreatment
After 16 h imbibition the turgid seeds were germinated on
MSB5 basal media for 3 days. After removal of radicle and
primary shoots from the seedlings, the cotyledonary nodes were
placed vertically onto MSB5 medium supplemented with
different concentrations (0.0, 0.5, 1.0, 5.0, and 10 μM) of
BAP (N6-benzylaminopurine). After 6 days, attached cotyledon
and well developed axillary buds were removed using surgical
blades and transferred to fresh medium. The multiple shoot buds
were transferred to fresh medium every 6 days. After 6 weeks of
culture, the average number of shoots per explant was recorded.
2.4. Seed pretreatments and bud formation
After 16 h imbibition the turgid seeds were germinated on
MSB5 medium supplemented with 13.3 µM BAP and kept in the
dark for 3 days. Cotyledonary nodes were excised from 3-day-old
aseptic seedling and used as explants. After carefully removing
the seed coat with sterile forceps, single cotyledon, root and shootFig. 1. Experimental design.apex were detached from the seedling using a surgical blade.
Explants were then placed vertically on the culture media
supplemented with 6.6 µM BAP. After 6 days, the attached
cotyledon and well developed axillary buds were removed
surgically and transferred to fresh MSB5 medium supplemented
with 6.6 µM BAP. Multiple bud tissue formed at the region
adjacent to axillary buds within 18 days of culture. The basal
callus was removed and multiple buds were transferred every
6 days to fresh medium for rapid bud formation.
2.5. Shoot growth and elongation
After 18 days of culture well developed multiple bud tissues
were transferred to the medium consisting of either growth
regulator-free MSB5 medium or BAP at lower concentrations
(0.5, 1.0 and 5.0). After 6 weeks, the percentage elongated
shoots and shoot lengths were recorded.
2.6. Rooting and hardening
The elongated individual shoots (2–3 cm) with expanded
leaves were excised, and in vitro root induction was done on
MSB5 mediumwithout growth regulators. The well-rooted plants
were transferred to pots containing vermiculite: soil (1:1) and
covered with polybags. Potted plantlets were grown in culture
room conditions (25±2 °C, 55% relative humidity), under a 16-h
photoperiod with a light intensity of 40 µmol m−2 s−1 for
2 weeks. Polybags were removed gradually upon emergence of
new leaves and acclimatized plantlets were transferred to the
greenhouse.
2.7. Statistical analysis
All experiments were repeated three times with 10 replicates
per treatment. Data pertaining to the number and the length of
shoots per explant were subjected to analysis of variance and
significant treatment differences selected by Duncan's multiple
range test.
3. Results
When the seeds were germinated on MSB5 medium and
cultured on MSB5 medium containing BAP (0.5, 1.0, 5.0 and
10 µM), only a few shoots (4.9±0.6 per explant) were obtained
(Table 1). Out of four varieties selected for shoot induction only
Co(cp)-7 showed healthy and well developed shoots (4.7±0.6
per explant); hence this was selected for further studies. When
the seeds were germinated on MSB5 medium supplemented
with 13.3 µM BAP for 3 days and cultured on MSB5 medium
containing BAP (0.5, 1.0, 5.0 or 10 µM) they produced the
highest number of shoots (7.2±0.8) per explant. Extending the
duration of pretreatment beyond 3 days did not increase the
number of shoots (Table 2).
Seeds cultured on MSB5 medium supplemented with
13.3 µM BAP germinated with enlarged cotyledons with
thick and short hypocotyls, but the swollen end of the roots was
found without lateral roots (Fig. 2a). No callus was formed on
Table 2
The effect of seed pretreatment on multiple shoot induction from cotyledonary
node explants of Co(cp)-7
BAP primary
pretreatment medium
(optimum concentration)
Medium
supplemented
with BAP (µM)
Mean number of shoots⁎
Pretreatment days
24 h 3 days 5 days
13.3 (µM) 0.0 1.3±0.4d 1.6±0.4d 1.4±0.4c
0.5 4.3±0.9c 4.7±0.7c 4.2±1.0b
1.0 5.8±0.9b 6.1±1.5b 5.6±0.9ab
5.0 6.9±0.7a 7.2±0.8a 6.1±1.2a
10.0 Buds Buds Buds
*Data represent mean±SE of ten replicates. Means followed by the same letters
within a column do not differ significantly according to Duncan's multiple range
test at a 5% probability level. Data were scored after 6 weeks of culture.
Table 1
Multiple shoot induction in cowpea cultivars without seed pretreatment
Medium
supplemented
with BAP (µM)
Cultivars
No. of shoots per explant*
Co-6 Co(cp)-7 VBN-1 VBN-2
0.0 1.2±0.4d 1.4±0.4cd 1.2±0.4d 1.1±0.3d
0.5 2.0±0.0c 2.0±0.0c 2.0±0.0c 2.0±0.0c
1.0 2.8±0.7b 3.2±1.1b 3.5±1.2b 3.7±0.6b
5.0 4.9±0.8a 4.7±0.6a 4.8±0.6a 4.8±0.9a
10.0 Buds Buds Buds Buds
*Data represent mean±SE of ten replicates. Means followed by the same letters
within a column do not differ significantly according to Duncan's multiple range
test at a 5% probability level. Data were scored after 6 weeks of culture.
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medium pretreated with 13.3 µM BAP and placed vertically and
cultured on MSB5 medium containing 6.6 µM BAP for 6 days
developed axillary buds (Fig. 2b). Since the axillary buds are
not essential for multiple bud initiation in the organogenesis
system, they were removed.
Inmany of the organogenesis systems, the explants were taken
from 2 to 14-day-old seedlings and cultured continuously on
medium for more than 10 days. This lead to the formation of basalFig. 2. Organogenesis system of cowpea. (a) Germination of seed on MSB5 medium
cotyledonary node explant on MSB5 medium amended with BAP (6.6µM) after wk o
wk of culture. (d) Multiple shoot elongation onMSB5 medium with BAP (0.5µM) afte
after 6wk of culture (f) Plant acclimatized to greenhouse conditions.callus inhibiting multiple bud formation. In our experiment the
basal callus was removed and cotyledonary nodes were
subcultured every 6 days on MSB5 supplemented with 6.6 µM
BAP in order to promote more multiple shoots.
Many new buds appeared from the region adjacent to the
axillary bud within 18 days (Fig. 2c). When the multiple buds
were transferred to the medium consisting of either growth
regulator-free MSB5 medium or BAP at lower concentrationssupplemented with 13.3µM BAP after 3days. (b) Axillary shoot induction from
f culture. (c) Multiple bud induction on MSB5 medium with BAP (6.6µM) after
r wk of culture. (e) Rooting of in vitro regenerated shoot onMSB5 basal medium
Table 3
Seed pretreatment and gradual reduction of BAP for multiple bud induction and
elongation from cotyledonary node explants of Co(cp)-7
BAP primary
pretreatment
medium
(optimum
concentration)
BAP secondary
medium for multiple
bud induction
(optimum
concentration)
Medium
supplemented
with BAP
(µM)
Mean
number
of shoots*
Mean of
shoot
length*
(cm)
13.3 (µM) 6.6 (µM) 0.0 5.4±0.8c 4.4±0.4c
0.5 13.5±1.0b 2.6±0.3b
1.0 11.2±1.1a 1.8±0.4a
5.0 Buds –
*Data represent mean±SE of ten replicates. Means followed by the same letters
within a column do not differ significantly according to Duncan's multiple range
test at a 5% probability level. Data were scored after 6 weeks of culture.
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number ofmultiple shoots (13.5±1.0) per explant was recorded at
0.5 µM BAP-supplemented shoot elongation medium (Table 3).
The multiple bud tissues which developed into shoots were
healthy and elongated to maximum height (2.6±0.3 cm) on
MSB5 medium supplemented with 0.5 µM BAP within 2 weeks
(Fig. 2d). The elongated shoots with basal tissue formed roots
on MSB5 basal medium (Fig. 2e). More than 97% of the shoots
produced roots within 1 week. Plants were randomly chosen
and transferred to small cups where all of them survived and
grew normally (Fig. 2f).
4. Discussion
The beneficial effect of pretreatment of seeds during
germination has been reported earlier in cowpea (Le et al.,
2002; Chaudhury et al., 2007) as well as in many other legumes
such as pea, chick pea and lentil (Malik and Saxena, 1992),
Glycine max (Thorne et al., 1995), Cajanus cajan (Shiv
Prakash et al., 1997), Phaseolus species (Santalla et al., 1998)
and Vigna mungo (Saini and Jaiwal, 2005). Seeds germinated
on MSB5 medium supplemented with 13.3 µM BAP showed
enlarged cotyledon, thick and short hypocotyl and the swollen
end of the roots was found without lateral roots. In general the
pretreatment of seeds saves time and produces more shoots
compared to the initiation from isolated cotyledonary nodes
(Malik and Saxena, 1992).
In the system described here, the single cotyledon is essential
for multiple bud initiation whereas those without cotyledon
produced excessive callus and no multiple buds. Multiple bud
initiation was promoted by the removal of well developed
axillary buds. Similar results were reported in soybean (Sairam
et al., 2003) where the removal of axillary buds leads to the
formation of multiple buds on region adjacent to axillary buds.
The exogenous supplement of cytokinin in the medium
promoted bud proliferation of meristematic cells in the existing
axillary meristem (Carmen et al., 2001). We reported already the
location of bud formation for other Vigna species such as
V. mungo (Franklin et al., 2000). Direct organogenesis from shoot
apex, cotyledons, cotyledonary nodes, epicotyls, and primary
leaves cultured on MS medium containing either BA or BAP
responded well in plant regeneration (Muthukumar et al., 1995;Pellegrineschi, 1997; Brar et al., 1999; Obembe et al., 2000; Mao
et al., 2006).
Regenerated cowpea shoots showing poor root formation on
hormone-free medium were reported earlier (Brar et al., 1999;
Machuka et al., 2000). But in our experiment, elongated shoots
with basal tissue formed strong roots on hormone-free MSB5
medium.
In many reports, the explants were taken from either mature
or immature seeds and used as starting material in organogen-
esis of cowpea (Muthukumar et al., 1996; Pellegrineschi et al.,
1997). We suggest that pretreated 3-day-old seedlings are highly
suitable for the isolation of cotyledonary nodes and efficient
plant regeneration via organogenesis.
In general grain legumes, have been considered as recalcitrant
to in vitro regeneration. However, success has been achieved in
this legume by using the various explants like embryonic axes,
cotyledonary nodes and shoot tips explants.
Acknowledgements
The Tamil Nadu Agricultural University, Coimbatore, and
National Pulses Research Centre, Vamban, Tamil Nadu, India
are gratefully acknowledged for providing the cowpea seeds.
References
Amitha, K., Reddy, T.P., 1996. Regeneration of plantlets from different explants
and callus cultures of cowpea (Vigna unguiculata L.). Phytomorphology 46,
207–211.
Anthony, J.M., Senaratna, T., Dixon, K.W., Sivasithamparam, K., Bunn, E.,
1999. In vitro regeneration of recalcitrant Australian plants. In Vitro Cell.
Dev. Biol. 35, 1062.
Brar, M.S., Al-Khayri, J.M., Morelock, T.E., Anderson, E.J., 1999. Genotypic
response of cowpea Vigna unguiculata (L.) to in vitro regeneration from
cotyledon explants. In Vitro Cell. Dev. Biol. 35, 8–12.
Carmen, S.J.M., Ballester, A., Vieitez, A.M., 2001. Effect of thidiazuron on
multiple shoot induction and plant regeneration from cotyledonary nodes of
chestnut. J. Horticult. Sci. Biotechnol. 76, 588–595.
Chaudhury, D., Madanpotra, S., Jaiwal, R., Saini, R., Ananda Kumar, P., Jaiwal,
P.K., 2007. Agrobacterium tumefaciens-mediated high frequency genetic
transformation of an Indian cowpea (Vigna unguiculata L. Walp.) cultivar
and transmission of transgenes into progeny. Plant Sci. 172, 692–700.
FAO, 2001. FAOSTATAgricultural Data. http://apps.fao.org/cgi-bin/nph-db.pl?
subset=agriculture.
Franklin, G., Pius, P.K., Ignacimuthu, S., 2000. Differential morphogenetic response
of cotyledonary explants of Vigna mungo. Biologia Plantarum 43, 157–160.
Gamborg, O.L., Miller, R.A., Ojima, K., 1968. Nutrient requirements of
suspension cultures of soybean root cells. Exp. Cell Res. 50, 151–158.
Kartha, K.K., Pahl, K., Leung, N.L., Mroginski, L.A., 1981. Plant regeneration
from meristems of grain legumes: soybean, cowpea, peanut, chickpea, and
bean. Can. J. Bot. 59, 1671–1679.
Kulothungan, S., Ganapathi, A., Shajahan, A., Kathiravan, K., 1995. Somatic
embryogenesis in cell suspension culture of cowpea (Vigna unguiculata (L.)
Walp. Isr. J. Plant Sci. 43, 385–390.
Le, B.V., Cruz de Carvalho, M.H., Zuily-Fodil, Y., Thi, A.T.P., Van, K.T.T., 2002.
Direct whole plant regeneration of cowpea (Vigna unguiculata (L.)Walp) from
cotyledonary node thin cell layer explants. J. Plant Physiol. 159, 1255–1258.
Machuka, J., Adesoye, A., Obembe, O.O., 2000. Regeneration and genetic
transformation in cowpea. Proceedings of World Cowpea Conference III.
IITA, Ibadan, Nigeria, pp. 185–196.
Malik, K.A., Saxena, P.K., 1992. Thidiazuron induces high frequency of shoot
regeneration in intact seedlings of pea (Pisum sativum) chickpea (Cicer
arietinum) and lentil (Lens culinarisMedik).Austr. J. Plant Physiol. 19, 731–740.
21S. Raveendar et al. / South African Journal of Botany 75 (2009) 17–21Mao, J.Q., Zaidi, M.A., Arnason, J.T., Altosaar, I., 2006. In vitro regeneration of
Vigna unguiculata (L.) Walp. cv. blackeye cowpea via shoot organogenesis.
Plant Cell, Tissue Organ Cult. 87, 121–125.
Murashige, T., Skoog, F., 1962. A revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physiologia Plantarum 15, 473–497.
Muthukumar, B., Mariamma, M., Gnanam, A., 1995. Regeneration of plants
from primary leaves of cowpea. Plant Cell, Tissue Organ Cult. 42, 153–155.
Muthukumar, B., Mariamma, M., Valuthambi, K., Gnanam, A., 1996. Genetic
transformation of cotyledon explants of cowpea (Vigna unguiculata (L.)
Walp.) using Agrobacterium tumefaciens. Plant Cell Reports 15, 980–985.
Nagl, W., Ignacimuthu, S., Becker, J., 1997. Genetic engineering and regeneration
ofPhaseolus andVigna. State of the art and new attempts. J. Plant Physiol. 150,
625–644.
Obembe, O.O., Kadiri, M., Machuka, J., 2000. Induction of multiple shoots and
regeneration from cotyledonary nodes and epicotyls. World Cowpea
Research Conference III. International Institute of Tropical Agriculture
(IITA), Ibadan, Nigeria.
Pellegrineschi, A., 1997. In vitro plant regeneration via organogenesis of
cowpea [Vigna unguiculata (L.) Walp.]. Plant Cell Reports 17, 89–95.
Pellegrineschi, A., Fatokun, C.A., Thottappilly, G., Adepoju, A.A., 1997.
Cowpea embryo rescue. Influence of culture media composition on plant
recovery from isolated immature embryos. Plant Cell Reports 17, 133–138.
Popelka, J.C., Terryn, N., Higgins, T.J.V., 2004. Gene technology for grain
legumes: can it contribute to the food challenge in developing countries?
Plant Sci. 167, 195–206.
Prem Anand, R., Ganapathi, A., Ramesh, A., Vengadesan, G., Selvaraj, N., 2000.
High frequency plant regeneration via somatic embryogenesis in cell suspensioncultures of cowpea (Vigna unguiculata L. Walp). In Vitro Cell. Dev. Biol.—
Plant 36, 475–480.
Ramakrishnan, K., Gnanam, R., Sivakumar, P., Manickam, A., 2005. In vitro
somatic embryogenesis from cell suspension cultures of cowpea [Vigna
unguiculata (L.) Walp]. Plant Cell Rep. 24, 449–461.
Sahoo, L., Sugla, T., Singh, N.D., Sonia, Nijsure, P., Gulati, A., Singh, R.P., Jaiwal,
P.K., 2001. Current status and future strategies in genetic improvement of
cowpea. Vegetal Res. 28, 9–16.
Saini, R., Jaiwal, P.K., 2005. Transformation of a recalcitrant grain legume,
Vigna mungo L. Hepper, using Agrobacterium tumefaciens-mediated gene
transfer to shoot apical meristem cultures. Plant Cell Rep. 24, 164–171.
Sairam, R.V., Franklin, G., Hassel, R., Smith, B., Meeker, K., Kashikar, N.,
Parani, M., Al Abed, D., Ismail, S., Berry, K., Goldman, S.L., 2003. A study
on the effect of genotypes, plant growth regulators, and sugars in promoting
plant regeneration via organogenesis from soybean cotyledonary nodal
callus. Plant Cell, Tissue Organ Cult. 75, 79–85.
Santalla, M., Power, J.B., Davey, M.R., 1998. Efficient in vitro shoot regeneration
responses of Phaseolus vulgaris and P. coccineus. Euphytica 102, 195–202.
Shiv Prakash, N., Pental, D., Bhalla-Sarin, N., 1997. Regeneration of pigeonpea
(Cajanus cajan) from cotyledonary node via multiple shoot formation. Plant
Cell Rep. 13, 623–627.
Somers, D.A., Samac, D.A., Olhoft, P.M., 2003. Recent advances in legume
transformation. Plant Physiol. 131, 892–899.
Thorne, G.C.H., Santarem, E.R., Ferreira, A.G., 1995. Adventitious bud induction
and plant regeneration from soybean cotyledonary nodes. Int J. Exp. Botany
57, 127–135.Edited by CH Bornman
